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\  ABSTRACT 


\  It  ^as  long  beei^thought  that  the  highly  conductive  complexes 
\  »  \  \ 
foribed  between  ^IC^r^tal  iodine  imd  various  polycyclic  aromatic 

hydrocarbons  are  inol^^ar  complexes,  l.e.  they  contain  iodine 

'  as  I3.  tk  this  contrii^iAn  we  report  resonance  Raman  and  iodine’ 

\  \  '  \\ 

130  Mbssb^uer  irnectro^opCc  characterization  of  th^  form  of  tHo 


MOssD^uer  SDectroscoj:^c  characierizauon  01  tit^  lorm  01  iho 
ioduae  in  the"^ost  l^hly  t^di^ictive  of  these  materials:  "2nerylene* 
3Ia".  We  find  ^it  ’‘sjiy^lei^*  3V'  is  not  a  molet^uUu:  compile, 
but  rather  a  parttrUly  oja^zed,\jniX^d-v:Uence  conV^ound,  the 
charge  distributionVaf  whi^s^im^  i^roxipur^ly  formulated  on  the 


l^is  of  the  spectral  duta  a-^  tnwyle^e)  \  (t,  •  2L)(^^ 


\s 
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INTRODUCTION 

A  question  of  great  current  interest  in  the  field  of  electrically 
conductive,  low-dimensional  materials  composed  of  molecular 
stacks!  concern^  the  importance  of  incomplete  charge  transfer  or 

"partial  oxidatioii"  in  facilitating  charge  transport.  Consider- 

' 

able  experimental  and  theoretical  evidence  points  to  the  prerequi¬ 
site  of  bringing  the  arrayed  molecules  (usually  planar,  conjugated 
organics  or  metal -organics)  into  formal  fractional  oxidation  states 
(mixed  valency)  to  help  overcome  band-filling,  bandwidth,  and 

Covilombic  impediments  to  charge  conduction  along  the  molecular 
3  4 

stack.  ’  This  ionic ,  mixed  valent  state  is  usually  brought  about 

via  the  addition  of  electron  acceptors  (or  donors)  to  the  system. 

In  apparent  contradiction  to  the  above  viewpoint  stands  a  large 

class  of  highly  conductive  solids  formed  by  the  addition  of  ele*- 

5 

mehtal  iodine  to  various  polycyclic  aromatic  hydrocarbons.  In 

i 

sev»^ral  cases,  iodination  increases  the  electrical  conductivity  of 

i  5 

the^  IWdrocarbon  by  as  much  as  10“-10^^.  These  materials  have 

lon(^  ^een  formulated  as  Covalently  bonded  molecular  complexes, 

'  i 

i.e. ,  Wioxidbsed  with  iodine  present  as  Ij. 

I  ' 

In  -pontrast  to  the  conventional  structural  model  for  conductive 

'  \ 

^  hydroci^bon- iodine  complexes,  recent  investigations  in  several 
laboral|tcries ,  including  our  own,  have  shown  that  halogenation 
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is  an  exceedingly  effective  method  for  introdiK-ing  partial  oxidation 

fi  H 

in  a  number  of  planar  organic  ;uui  metallomacrtH*yclic  systems. 

The  sti-uctures  of  such  materi;Us  gener;aiy  cinisist  ok  ;u  rays  of 

parti;Uly  oxidized  donor  molecules  and  reduced  halogen  acceptor 
6-8 

counterioi\s.  In  the  c;use  of  iodine  dop;uits  we  have  ;Uso  shown 
that  the  powerful  combination  of  resommce  Hanum  ;md  iodine  -129 
Mbssbauer  spectroscopy  can  be  used  to  deduce  the  form  of  the 
iodine  present  m  such  materi;as  (i.e.  1.,  f,  ,  l“  ,  or  mix¬ 
tures  thereof),  ;md  thus  the  degree  of  p;u'tini  I'xidation. 

This  technique  is  e.spcci;illy  informative  in  mstmices  where  dis- 

...4  6b  <  .  10a 

order  or  (;is  in  the  present  c;use)  the  extreme  complexity  of  the 

structure  hinders  diffraction  studies.  With  these  considerations 

in  mind,  we  have  now  applied  the  Ram;ui-Mbssbauer  technique  to 

the  most  highly  conductive  G-r(300  K)  M).  l(ohm  cm)“‘  for 

lOiT 

compressed,  polvcpstalline  smnples  ^  ;md  5-20  (ohm  cm)“^ 
for  single  cryst;Us  J  ;uid  most  thorougly  studied  of  the  hydrocarbon- 
iodine  complexes,  th.at  of  perylene  (A): 

A 


2perylene- 3lj”.  Our  goal  was  ti>  determine  whether  or  not 
this  is  a  molecular  complex.  Wo  rep.^rt  here  that  '  ^perylene 
31,"  is  not  a  nu*lecular  complex,  but  is  a  partially  oxldlaod, 
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EXPERIMENTAL 

Synthesis  of  Peiylene*  .  Lustrous,  silver-bluck  crystiUs  of 

'’2perylene*  31/’  were  prown  from  hot  benzene  solutions  of  pei7lene 

lOli 

and  la  using  the  procedure  of  Komm;indeur  ;md  H;Ul.  The  pro¬ 
duct  was  quickly  w;»shed  with  benzene  ;md  w;u?  briefly  dried  under 
a  stream  of  prepurified  nitrogen.  Since  noticeable  discoloration 
(due  to  iodine  loss)  of  this  compound  occurs  within  10-15  minutes 
at  room  temperature  in  ;ut  open  vessel ,  samples  were  stored  in 
closed  containers  under  nitrogen  at  -35  C  in  the  dark.  The  sample 
for  elementiU  muUysis  was  maintmned  at  0  C  until  immediately 
prior  to  analysis.  The  stoichiometry  determined  corresponds  to 
perylene-  la^a  • 

An;U.  Calcd.  for  CaoHul^„a :  C,  38.56;  H,  1.94;  I,  59.49. 

Found:  C,  38.28;  H,  1.80;  I,  59.04. 

Synthesis  of  Perylene*  “”12  .  The  “"I-enriched  smuple  was  pre- 

p;ired  by  the  ;U)ove  procedure.  The  re;vgent  was  proparetl 
by  hydrogen  ijemxide  oxidation  of  ;m  acidified  solution  of  Na*^’’! 

(Oak  Ridge  Nation;U  L;iboratoi7,  87/  isotopic  content).  The 
resulting  ““la  w;»s  extracted  with  pentane,  and  the  I'esulting  solu¬ 
tion  was  Wiished  with  water,  dried  over  Na,SO^,  ;md  evav>orated  in 
a  nitrogen  strcmn  to  yield  solid 
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Iodine-129  MBssbauer  Studies.  Source,  absorber,  and  detector 
were  employed  in  the  stimdard  transmission  geometry.  The 
®*Zn“®Te  source  (t^  =  69  min. )  was  prepared  by  irradiation  of  a 
“Zn“®Te  target  (pressed  in  an  aluminum  disk)  in  the  Argonne  CP-5 
reactor  for  2  hr.  The  source  produced  sufficient  27. 7  KeV  y  - 
radiation  for  3-4  hr.  of  Mbssbauer  effect  data  collection.  Absorb¬ 
ers  were  prepared  by  powdering  the  iodine-129  enriched  sample, 
mixing  it  with  an  inert  filler  (boron  nitride),  ;uid  loading  it  into 
a  Lucite  sample  holder.  Both  source  and  absorber  were  cooled  in 
liquid  He  during  data  collection.  Three  sources  were  used,  in 
sequence,  to  collect  all  of  the  data.  Data  collected  from  each 
source  were  checked  for  reproducibility  and  then  summed  to  give 
the  final  spectrum.  The  spectrometer  velocity  was  generated 
with  a  feedback-controlled  vibrator  using  sinusoidal  acceleration. 
Velocity  calibration  was  accomplished  with  ®'Fe  foil.  Data  collec¬ 
tion  utilized  a  proportional  counter  in  conjunction  with  a  400  chan¬ 
nel  multichannel  analyzer,  operating  in  the  time  mode.  Paper 
tape  was  used  for  data  storage. 

MBssbauer  Data  Processing.  Initial  Mttssbauer  effect  data 
processing  and  analysis  employed  the  computer  program, 

GENFIT,  *  which  finds  the  best  values  for  tha  parameters 
of  isomer  shlft(S,  quadrupole  coupling  constant (e*qQ),  line  width(r), 
population(p^)  base-line,  and  asymmetry  parameter  (t))  via 
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non-linear  least  squares  minimization  of  the  difference  between  the 
observed  and  calculated  spectra.  Each  unique  iodine  micro¬ 
environment,  or  site,  is  described  by  a  set  of  five  parameters 
and  gives  rise  to  an  eight-line  quadrupole  absorption  pattern. 

The  observed  spectrum  is  a  summation  of  the  absorption  patterns 
of  all  of  the  iodine  sites. 

The  goodness  of  fit  is  judged  by  the  parameter  "Misfit;’  which 

12 

has  been  previously  defined  by  Ruby.  Final  data  processing  and 

l3 

analysis  were  accomplished  using  a  modified  version  of  GEN  FIT, 

13-15 

which  includes  corrections  for  the  absorber  thickness  (see 
Results  and  Discussion  for  full  explanivtion';,  histogram  and  cosine 
errors.  Both  versions  of  GENFiT  include  a  broadening  parameter. 

,  which  allows  one  or  more  sites  to  have  a  distribution  of  quad¬ 
rupole  coupling  constants.  This  occurs  when  one  site  can  be  in 
several  slightly  different  environments,  resulting  in  a  modest 
spread  in  the  quadrupole  coupling  constant .  This  results  in 
a  blurring  of  the  spectral  peaks  from  a  single  octet  (for  each 
site  0  in  a  way  which  is  larger  for  those  lines  at  larger  velocities. 
Normally,  each  site  is  unique  and  can  be  described  by  five  parameters. 
If  one  site  has  a  distribution  in  its  quadrupole  coupling  constant 
(e  “q  Q).  it  could  be  replaced  by  several  sites  with  slightly  different 
e*qQ  values.  However,  it  is  more  convenient  to  use  the  broadening 
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formula  by  adding  one  extra  iwrameter  to  each  site.  In  the  present 
case,  it  was  only  necessary  to  apply  this  broadening  to  two  of  the  sites. 
This  nonequivalence  was  incorp.>rated  in  the  fitting  procedure  as  a 
velocity -dependent  line  broadening  function  (eq  (D)  where  r\  is  the 

r„-  Vk'V  'I'l’  'r’  O' 

actual  line  width  of  the  broadenbig  p;\rameter  of  the  I**'  site. 

V  is  the  velocity  of  the  n^*'  line,  ?  .  is  the  isomer-shift  of  the  i^^ 
n  I 

site,  r  is  the  observed  width  of  the  n^^  line.  The  lines  farthest  away 
n 

from  the  center  of  gravity  (6.  isomer  shift)  are  broadened  to  a 
greater  extent  than  those  lines  closer  to  8^.  This  has  the  same 
effect  as  a  distribution  of  quadrupole  splittings.  Using  this  value  of 
reasomibie  line  widths  when  compared  to  the  natural  line  widthiF^^. 
wldA  infra)  are  obtained  for  all  sites.  For  a  ’'perfect”  sample  one 
expects  .  but  many  effects  can  cause  larc.or  values  to  he 

observed. 

Resonance  R;un;m  Studies,  L;iser  R;un;m  spectra  were  recorded 
with  Kr  (6471  A  )  or  Ar  (4880,  5145  A)  e.xcitation  using  a 
Spe.x  1401  double  monochromator  imd  photon  counting  detection. 

Samples  were  examined  in  nitrogen- flushed.  5  or  12  mm.  spinning 
(ca.  1200  rpm)  Pyrex  sample  tubes.  A  180 '  back  scattering  detec¬ 
tion  geometry  w;us  employed.  Several  scans  were  made  of  e.ich 
sample  (the  initiiU  at  lowest  laser  power)  to  check  for  sample 
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decomposition.  This  effect  was  relatively  minor  and  resulted 
only  in  gradual  dimunition  of  the  polyiodide  bands  with  accompany¬ 
ing  increase  in  perlene  fluorescence.  Spectra  were  calibrated 
using  the  exciting  line  (  or  the  laser  plasma  lines. 


f 

[ 
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RESULTS  AND  DISCUSSION 

The  goal  of  this  investigation  was  to  identify,  via  resonance 
Raman  and  1-129  Mbssbauer  spectroscopy,  the  form(s)  of  iodine 
present  in  2perylene*  31,  and  thus  to  determine  whether  or  not  this 
material  is  partially  oxidized.  Further  details  of  the  very  complex 
crystal  structure  are  under  invesUgation  by  diffraction  techniques 
and  will  be  reported  in  due  course. 

Crystals  of  ''2perylene*  3L"  were  grown  from  hot  benzene 
solutions  of  perylene  and  L  or  by  the  procedure  of 
Kommandeur  and  Hall.^^^  Elemental  analysis  of  a  freshly  prepared 
sample  indicated  that  the  composition  is  ;ictually  perylene*  1,  go . 

In  Figure  1  are  presented  resonance  Raman  scattering  spectra 
(5145  *  excitation;  sealed,  spinning  polycrystalline  samples)  of 
perylene*  L^o  ^ilong  with  those  of  relevant  model  compounds  in 
which  the  form  of  the  iodine  present  has  already  been  unambig¬ 
uously  established  by  diffraction  methods.  Since  the  perylene 
complex  slowly  loses  iodine  on  stiinding  in  an  open  container  at 
room  temperature,  spectra  were  also  recorded  of  samples  which 
had  been  progressively  depleted  of  iodine  using  a  flow  of  prepuri¬ 
fied  nitrogen  gas.  Except  for  a  progressive  diminution  of  poly- 
iodide  scattering  intensity  and  ;m  increase  in  perylene  fluorescence, 
spectra  were  identical  to  that  shown  in  Figure  lA.  It  was  also 
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established  that  the  perylene.  ^  Raman  spectra  are  essentially 
independent  of  exciting  wavelength  over  the  rimge  4880-6471  f 
(Figure  2).  The  spectral  scattering  pattern  exhibited  by  the 
perylene  complex  (175s,  145w,  115m cm  is  clearly  and  most 
importantly,  inconsistent  with  a  simple  molecular  charge  trans¬ 
fer  complex.  Interaction  with  the  rr  -cloud  of  benzene  perturbs 
Vj  jOf  I2  only  slightly  (Figure  IB,  209cm  from  the  gas  phase 

value  of  215  cm  ,  while  even  a  stronger  donor  such  as  DMSO 

_xl7a,b 

only  displaces  Vj  j  to  189  cm  .  This  effect  can  be  understood 
by  viewing  as  a  Lewis  acid.  Interaction  with  Lewis  bases  popu¬ 
lates  molecular  orbitals  with  I-I  antibonding  character, 

thus  increasing  the  I-I  bond  lengths  and  decreasing  the  stretching 
G&“C 

force  constant.  It  is  also  possible  to  reject,  in  perylene-Ig^  92 , 

the  presence  exclusively  of  symmetrical  (i.  e.  D^j^jlg"  units,  as 

+  18 

exemplified  by  As(CgH5)4l3"  (Figure  1C,  vt-  symm,  fundamental  = 

113  cm  and  a  nvimber  of  other  symmetrical  triiodide  compounds.®^’ ^ 

Likewise,  the  Raman  scattering  energies  of  unsymmetrical  (C  ) 

s 

IR  .1  Q  IQ 

triiodide  ion  (B)  as  in  Cs^  ,  148s  and  102s,  cm  ’  are  at 
considerable  variance  with  the  perylene  resvilts.  The  spectral 
pattern  exhibited  by  symmetrical  I5"  species  (C)  as  found 

[i_i- — t- — t_ij 


I  — I 
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in  (trlmesic  :icid*  (Figure  ID,  ,,  =  I62s,  cm  *  ; 

other  transitions  at  I04w  ;uid  75w,  cm  *)  is  also  not  evident. 
Rather,  the  reson:mce  R;un;m  specti^um  of  peiylene.  can  be 
assigned  to  a  structurid  model  with  both  I.,  and  L,  units,  we;ikly 
interacting.  An  example  of  this  type  of  compound  is  Cs.jl„  (Figure 
IE,  \'..T  I.  =  I72s,  cm~\  \i„j ,,  =  149m  and  105s,  cm"*)  which  is 

^  _a  "21 

known  to  possess '’!«  "  units  0)  (i.  e. ,  1^  ;uid  distorted  IJ  , 
weakly  interrupting),  imd  (phenrupetin)^!!^'*  L 


I  -  I - 1 


I 

I 

I 


•••  I-  I . 1 

I 

I  " 

I 

I . I  -  1 . 1 

I 

I  - 

I 

I-  •• 


I - I-I 

D  1 

_i 

(Figure  IF,  v„j  „  =  187m,  n,,.  =  120s  cm  )  which  possesses 

"  .  '  22 

chains  of  alternating  I,  ruid  L,  units  (E)  .  The  Hamrm  trrmsition 
at  145  cm  *  in  perylene*  most  rerusonably  ruscribed  to  the 

same  origin  as  the  149  cm  *  trrmsition  in  Cs.,1,,  :  slight  distortion 


of  the  4  units  (i.e.  ,  unequal  I- 1  bond  dist;mces).  This  vibrational 

Q  IQ 

mode  is  also  observed  in  Uie  resommoe  Hanum  spectrum  of  CsL,  ’  ’ 

and  is  formally  derived  from  the  Ranuui- inactive  antisymmetric 

stretching  transition  under  D  symmeti-y,  Restmance  Raman 

ooh  • 

data  ;md  spectr;il  assignments  for  tlie  compounds  are  compiled  in 
Table  I. 

Iodine-  129  MUssbauer  studies  of  perylene  >^'''L^  were  under¬ 
taken  to  obtain  additional,  quantitative  infornudion  on  the  poly  io¬ 
dide  species  present  as  well  as  to  investigate  the  possible  presence 
of  Ram;m- inactive  I  or  oilier  iodine  containbig  species.  The 
experimental  spectrum  is  represented  by  the  data  points  in  both 

Figures  3A  ;uid  3B.  It  is  vxissible  to  immediately  reject  the  presence 

of  significant  amounts  of  isolated  l"  ions  (ft  =  -0.51  mm/sec,  c^q'^^Qr 
24 

0.00  MHz  ).  The  presence  of  isolated  Ig  molecules  (for  Ij  in  benzene, 
ft  =  10.76  mm /sec,  e»q‘''‘"Q  =  -1692  MHz^'*;  for  Ij  in  hexane,  ft  = 
t  0,98  mm/sec,  e^q'^'^Q  =  -1587  MHz  .as  the  sole  iodine  containing 
species  could  also  be  rejected.  Rather,  the  spectrum  is  more  complex, 
and  consider.ible  effort  was  put  into  deriving  an  optimized  polyiodide 
structural  model  for  perylene- 1^.^  .  Initial  attempts  were  made 
to  fit  the  data  to  two  sites  with  relative  populations  of  either  1:1  or 
1:2  (symmetrical  I,"  ).  In  neither  case  w.ts  acceptable  agreement 
found  between  experimental  aiid  calculated  spectra.  Simlljirly, 


12 


attempting  to  fit  the  data  to  three  sites  with  relative  populations 
1:1:1  (distorted  I^)  or  2:2:1  (symmetric  I5  )  did  not  result  in  a  good 
agreement.  Even  attempting  to  fit  the  data  to  four  sites  resulted  in 
poor  agreement  between  experimental  and  caluculated  llneshapes. 
However,  with  five  sites  a  satisfactory  fit  was  obtained,  using 
either  of  two  different  refinement  procedures  (vide  infra) .  It  will 
be  seen  that  such  a  fit  can  be  reasonably  interpreted  in  terms 
interacting  Ij  units  and  I.j’  ions.  Derived  relative  populations  suggest 
that  two  Ij  units  weakly  coordinate  to  each  distorted  I3  ions,  as 
exemplified  by  F.  Such  a  structure  is  in  good  agreement  with  the 
Raman  data. 

(I  -  I) . I  —  I  -  I 

F 

To  insure  maximum  reliability ,  two  approaches  were  employed  in 

the  MOssbauer  data  analysis.  The  optimized  computer  fit  shown  in 

Figure  3A  employs  the  standard  "thin”  absorber  approximation.  That 

is,  the  quadrupole  pattern  is  assumed  to  be  the  sum  of  Lorentzians 

whose  the  positions ,  intensities ,  and  widths  have  the  ideal  values 

calculated  from  the  ground  and  excited  state  quadrupole 
13  15 

Hamiltonians.  ’  Parameters  obtained  in  this  fit  are  compiled 
in  Table  n.  When  individual  lines  of  the  spectrum  are  well  resolved 
or  when  the  absorber  thickness,  T  ,  approaches  zero,  as  is  often 
found,  the  "thin"  approximation  is  valid.  T  is  given  by  equation  2, 


T 


(2) 


where  is  the  resonance  cross-section  per  nucleus,  is  the  re- 

coUless  fraction  of  the  absorber  at  the  Measurement' temperature, 
and  n  is  the  number  of  resonant  nuclei  pe\  unit  area.  Appreciable 
absorber  thicicness  (significant  T  )  results  iVsaturation  of  tk^  m 
intense  lines  and  a  resultant  relativeN^crease  ^^he  intensities  of 
other  lines.  Also  ob^rved  are  saturatilm  of  pooi^ resell ved. lines 
as  well  as  niinor  chang^  in  the  quadru^^  (iile  p 
noted  in  the  "thin"  .absorlM^  fit  (RgM*®  3A)  tW  slif 


ons.  It  was 
light  ^sparities 


occurred  in  the  ^tenj^ities  of  central  lines  relative  to  th»  outer- 
most  lines.  \This  WuaWn  pmuSibly  arises  from  neglect  of  absorber 

\\  ■,  V 

so  eorredtionff^ere  L 


thickness, 


introduced  jts  outlined, below, 
^  13  \ 


'  \  '  ^ 

employing  a  monied  vyersion  of  the  fitting  routine 


A  '  X 

The  theory^^^Mohip^t^ional  techniques  employed  for\he 

inclusion  of  thicimess  effeCTsMave  been  explained  in  detail  elVe- 

13—15  \  ^  \ 

where;  only  the '\)dr tine qt  and  important  points  will  be  suniv  \ 

\  '  \ 

marized  here.  The  calculated  (counting  rate  or  transmitted  flux 


as  a  function  of  the  relative  velo^ty  of  source  and  absoi'ber 

15 

IS  given  by  equation  3, 


Rate  (v)  =  FLUX(E,v  )«  (E)dE 


where  the  flux  distribution  (FLUX)  and  t 


\ 


(3) 


isMon  (TRANS)  are 


defined  in  equations  4  and  5  , 
FLUX(E,  v)  =  B  +  S(l-f  )  +  ^ 


s(l-f  )  +  i^g^  ,  r  1  ^/E-  Eq  -  E(V/c)^  -*  (4) 

'  L  I  r,/2  . 


TRANS  (E)  =  exp  [-T  A(E)] 


where  E^  is  the  nominal  y-ray  energy,  E  is  the  actual  energ^of 
the  y-ray,  B  is  the  background  coimting  rate,  S  is  the  integratdfr 

\.  V  \  \ 

N 

signal  rate,  f  is  the  source  recoilless  fraction,  A(E)  is  the 


normalizedSabsorption  shape,  Fg^s  the  source  line  width,  and  c 
is  the  speed  oi,^light.  This  is  Uie  flux  that  is  used  a  non-split 
single  sUe  source,  e.g.  ZnTe.  FLUX,  in  general,  is  ^t  this 


simple.  It  is  Instructive  to  look  at  the  form  of  the  normalized 


absorption  shape  (equation  6  ); 


A(E)  =  a.p. 

issites  <.=lines  ^  i 


^  \E-E^-6  i-E(v/c)-e2qO*'c^ 


The  term,  p. ,  relates  th^relativA^ intensity  of  a  given  line  {l) 

\ 

of  the  eight  line,iiuadrupole  pattern  and  the  relative  number  of  atoms 
of  each  site  i(Pj)  to  the  observed  absorption  spectrum (A(E)).  The  only 
■oltier  new  term  is  where  e®qQ  is  the  quadrupole  coupling  constant 

aild  <  is  the  position  of  each  line  in  the  quadrupole  pattern.  Thus,  it 
is  ea,sy^  to  see  that  the  overall  absorption  spectrum  is  the  sum  of 
the  el^t  line  spectra  of  each  of  the  individual  sites.  If  there  is 


I 

any  mvlation  fron  axial  symmetry  at  a  particular  site,  then  r;,  the 

asymmetry  parameter,  will  have  a  non-zero  value.  The  term 

includes  the  effects  due  to  .  The  rate  equation  can  be  rearranged 

15 

in  a  more  tractable  form  (equation  7  ) 

i; 

Rate(v)=R„  f  -  fs  (s-!iV‘ -  TI(v|  (■« 

15 

where  TI(v)  is  the  transmission  integr^ (equation  8  ) 

TI(v)  =  /f(e  ,v)  *>  TRANS(E)  dE  (8) 

15 

The  parameter  FSB  (equation  9  )  embodies  the  properties  of  the  soi; 


and  detector. 


(9) 


Our  atm  is  to  find  the  relative  population  (p^)  of  the  various 

iodine  sites.  We  are  not  concerned  whether  the  total  amount  of 

iodine  is  large  or  small.  To  determine  the  total  amount  of  iodine  present 
(alternately,  to  measure  FSB)  would  require  auxiliary  measurements. 

But,  we  need  merely  choose  a  plausible  value  for  FSB  to  obtain  the 

proper  p^.  The  fitting  routine  is  employed  to  minimize  the  difference 
between  the  experimental  and  calculated  spectrum  using  the  para¬ 
meters  of  isomer  shift  (c),  quadrupole  coupling  constant  (e*qQ), 
line  width  (r),  asymmetry  parameter  (rj),  and  relative  population 


The  result  of  fitting  the  data  using  the  thickness  correction  is 
shown  in  Figure  3B  and  the  final  Mdssbauer  parameters  are  set 
out  in  Table  II,  where  they  can  be  compared  with  those  obtained 
from  the  "thin"  absorber  data  refinement.  The  fit  using  the  thick¬ 
ness  correction  did  not  improve  Misfit,  but  made  a  significant  visual 
improvement.  Also,  the  values  for  the  line  width  parameters  are 

now  quite  reasonable;  in  the  "thin"  absorber  fit,  they  were  found 

24a. 

to  be  several  times  the  natural  line  width  (r  =  0.  59  mm  sec  ‘1 

'*o 

a  rather  unrealistic  result.  However,  only  minor  changes  in  some  of 
the  isomer  shifts,  quadrupole  coupling  constants,  and  relative 
populations  are  observed.  Thus,  although  the  final  Mtlssbauer  para¬ 
meters  which  will  be  considered  in  the  discussion  of  polyiodide 
structure  are  those  which  include  the  precautionary  thickness 
correction,  they  differ  only  slightly  from  the  "thin"  absorber  para¬ 
meters. 

The  isomer  shift  and  quadrupole  splitting  parameters  obtained  for 
the  five  site  polyiodide  model  compare  favorably  with  values  re¬ 
ported  for  the  structurally  similar  ion  ((trimesic  acid- 
G)  and  the  distorted  I,  ion  (Cs  ,  H)  as  can  be  seen  below. 


17 


site  5 

6  (mm/sec )0, 76 

(I- 

e\^^®Q(MHz)-134l 

F 

0.24  1.14  O.U 

I - I - I 

616  -1787  -1036 

The  parameters  obtained  for  chemically  similar  sites  in  the  three 
polyiodides  are  rather  close.  For  example,  the  three  iodine  sites 
in  the  distorted  triiodide  unit  of  the  perylene  complex  have  isomer 
shift  and  quadrupole  coupling  constant  values  generally  similar  to 
those  of  the  distorted  triiodide  in  Csl,,  and  evidencing  greater 
distortion  of  the  Ij"  than  in  Ig"  (G).  The  "la"  site  (site 2)  closest  to 
the  distorted  iJ*  has  Isomer  shift  and  quadrupole  coupling  constant 
values  intermediate  between  those  of  the  "Ig"  unit  in  Csl,  and  those 
of  free  Ig.  They  are  nearly  indistinguishable  from  those  of  the  "I," 
unit  in  .  The  small  but  nonzero  asymmetry  parameter  found  for 


0.53  1.15  0.18  1.15  0.53 
I-—  I— I 

-1404  -1777  -965  -1777  -1404 


4  1 


1.27 

-0.07 

1.^23  1.40 

2 

-1669 

-550 

_1746  -958 
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site  2  in  the  "thin"  analysis  of  the  perylene  complex  appears  to  re¬ 
flect  some  deviation  from  axial  symmetry  of  that  particular  iodine 
environment.  In  summary,  the  structural  model  of  I,"  (very  likely 
distorted)  and  I,  deduced  from  the  Iodine  Midssbauer  data  is  In  good 
accord  with  the  resonance  Raman  results. 
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CONCLUSIONS 

The  results  of  this  resommce  Raman/iodine  MUssbauer  spectral 

study  indicate  tiiat  "2perylene-  Slg”  (more  correctly  formulated  as 

perylene.  1^92)  contains  iodine  as  both  I3'  and  On  the  basis  of 

results  for  model  compounds,  these  poly  iodide  units  appear  to  be 

weakly  interacting.  Thus,  "2perylene»  SL"  is  actually  a  partially 

oxidized  material  with  an  approximate  charge  distribution 

(perylene)^'”*  (I3"  •  2l2)q^4  .  Thus,  this  conductive  material  is  not 

an  exception  to  the  general  observations  about  the  importance  of 

mixed  valence  vis-a-vis  charge  transport.  In  this  connection,  it 

is  interesting  to  note  that  the  first  ionization  potential  of  tetra- 
26 

thiafulvalene,  which  forms  an  extensive  series  of  conductive, 

7e,27 

mixed  valence  compounds  with  iodine,  is  comparable  to  that  of 
28  26  28 

perylene,  l.e.  6.83eV  versus  6.97  eV,  respectively.  By  implication, 
the  present  results  also  indicate  that  other  conductive  hydrocarbon- 
iodine  complexes  are  also  mixed  valent.  This  question  is  presently 
under  further  investigation. 
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Tabl6  I.  Rdsonuncc  Kuiuiui  data  and  iutsigninents  for  various  polyi(.)dide 
containing;  compounds. 


Intern;U  coordinate  cluuige 
Compound  v„, 


perylene*  Ij  „ 

CSgIg 

17  2s 

149w,  105s 

(phenacetin)aH^I,"  •  Lj 

187m 

120s 

Csl, 

148s.  102s 

4  in  DMSO 

189s 

4  in  benzene 

209s 

4  (Ki»s) 

215s 

(trimesic  acid*  HjO)^,- H'^4" 

162s 

other 


I04w,  75w 


T^bte  II.  129  MNniibaupr  Parmwlers  for  Pervlone 

5  2  4  1  5 

(I  -  n, . 1  ...  1  -  I 


S(mnv  aec)*' 

,b 

r(mm  sec' 

0 

d 

fl.- 

"Thick"  Absorber 

Corrections _ 

sue  1 

1.23(1' 

.1746(5' 

0  51(3' 

- 

0  IXI' 

1  (' 

sue  2 

1.27(2' 

-1669(5' 

0  97(2' 

- 

0  tXl' 

2  tX" 

Site  3 

1.40(15' 

-956(10' 

1  25(9' 

0  06(3' 

0  txi' 

0  6(1' 

Site  4 

-0.07(2' 

-55tXI0' 

0.  77(6' 

- 

0  'X 1' 

0  7(1' 

Site  5 

0.76(5' 

-1341(11" 

1.34(7' 

0  05(2' 

O.tXl' 

1  7(2' 

"Thin"  Absorber 

Approx  till  vtton 

Site  1 

1.23(1' 

-1746(5' 

0  97(3' 

- 

0  1X1' 

1  0 

Site  2 

1. 1«(2' 

-1678(5' 

1  6(1' 

0  0(1' 

2  (X 1' 

Site  3 

1.14(3' 

-1059(6' 

1  (H5' 

0  2(1' 

0  2(" 

0  6(1' 

Site  4 

.0.03(4' 

-604(7' 

1.  1(1' 

- 

0  0(1' 

0  9(1' 

Site  5 

0.76(4' 

-1341  (U" 

3.5(3' 

0  txi' 

0  ixn 

2  2(2' 

Mism  I  ^ 

Thick  ' Absorber  1  03i2l 
Thin  ’ Absorber  0.  fl4l2> 

Ratio  of  Average 
tVpulatton  of  "U"  •  l,‘ 

Thlck'Absorbcr  2  2(3>:1.0 
TI\in  "  Absorber  2.1(31.1.0 

■*  Vs,  7, nTe 
l.lne  width 

^  RroadeninA  parameter  (see  text' 

Asvmm*  try  p;irameter 
e  Relative  population 


Figure  1.  Resonance  Raman  spectra  (vq  -  5145  A)  of  A,  polycrystalline 
perylene*  j  B,  I2  as  a  solution  in  benzene;  C,  polycrystalline 
Ij'  ;  D,  poly  crystalline  (trimesic  acid- ;  E, 
polycrystalline  CSjIs  ;  F,  polycrystalline  (phenacetin)2H^I^.  . 


Figure  2.  Resonance  Raman  spectra  of  perylene- 1,.  „  at  various 
exciting  frequencies  (v^).  A.  Kr"*^  ,  6471  A  ;  b.  Ar"^,  5471  A  ; 

C.  Ar^  4880  A. 


Figure  3.  Iodine  -129  MOssbauer  spectrum  of  polycrystalline 
perylene*  I2.92  at  4  K.  A. The  solid  line  represents  the  optimized 
computer  fit  to  the  experimental  data  points,  using  the  ’’thin" 
approximation.  B.  The  solid  line  represents  the  optimized 
computer  fit  using  absorber  thickness  corrections. 
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